Enduring modification of synapses is central to longlasting neural circuit plasticity. Such adaptations include rapid posttranslational modification of existing synaptic proteins over periods of minutes and persisting changes in the abundance of synaptic proteins over hours to days. Recently, ubiquitination and protein degradation have emerged as additional mechanisms for modifying the function and molecular composition of synapses. These recent findings raise intriguing questions as to how enduring changes at synapses are accomplished in the face of robust, ongoing molecular turnover. Far from simply acting as a constitutive garbage disposal, the UPS is tightly regulated in all cells to control the ubiquitination and degradation of target proteins with remarkable spatial and temporal precision (Glickman and Ciechanover, 2002). Substrate specificity in the UPS arises principally through the large and diverse set of ubiquitin ligases responsible for target protein recognition. Major classes of E3 ubiquitin ligases are the HECT, RING, PHD, and U box families, which together constitute several hundred distinct proteins encoded in mammalian genomes. The removal and recycling of ubiquitin from ubiquitin-conjugated proteins is controlled by a large family of deubiquitinating enzymes (DUBs) that, analogous to protein phosphatases, play an important role in the extent and duration of target protein ubiquitination (Glickman and Ciechanover, 2002).
plaques, and neurofibrillary tangles) were immunopositive for ubiquitin (Glickman and Ciechanover, 2002). Since then, it has become clear that regulated ubiquitination and protein degradation control diverse aspects of neuronal function and dysfunction. Here, we focus our discussion on recent studies that reveal a rich repertoire of mechanisms for ubiquitin-dependent regulation of the synapse. 
Synapse Development

Presynaptic Function and Neurotransmitter Release
The magnitude and timing of neurotransmitter release is dependent on the dynamics of synaptic vesicle priming, fusion, and endocytosis. Components of the machinery facilitating these membrane events appear to be highly regulated by the UPS through both monoand multiubiquitination (Figure 2 ). During depolarization, the total content of ubiquitin-conjugated proteins in presynaptic terminals decreases within seconds after depolarization (Chen et al., 2003) . This effect is sensitive to Ca 2+ chelators and inhibitors of the Ca 2+ -dependent phosphatase calcineurin (CaN), but only partially sensitive to pharmacological inhibitors of the proteasome. This suggests that many presynaptic ubiquitin- These findings suggest a model whereby SNK and SPAR operate in a negative feedback circuit that moderates synaptic input during magnified levels of activity. Indeed, activity-based SNK induction is delayed, occurring hours after the onset of activity.
Conclusions and Future Directions
Ubiquitination can act as a posttranslational modification to rapidly alter protein function, and proteasomemediated degradation can produce long-lasting changes in the molecular composition of synapses. In this regard, ubiquitination and protein turnover possess all the requisite qualities of more classically appreciated mechanisms for synapse plasticity such as phosphorylation and local protein synthesis. We now know that the UPS operates in both pre-and postsynaptic compartments and regulates diverse synaptic attributes, including neurotransmitter release and synaptic vesicle recycling in presynaptic terminals, and the dynamic behavior of the PSD and dendritic spines postsynaptically.
Many key questions remain. We possess very limited knowledge about the ubiquitin-dependent machinery at synapses and how such machinery differs as a function of synapse type or functional state. To what extent can individual components of multiprotein complexes at synapses (e.g., the PSD) be removed without perturbing the entire protein network? How is ubiquitination coupled to proteasome targeting within the restricted confines of small subcellular compartments or extended protein complexes? What are the molecular mechanisms by which activity-dependent signaling pathways promote or inhibit ubiquitination? Despite the understandable emphasis on plasticity at synapses, it is perhaps more notable that many features of synapses endure for sustained periods of time and these sustained properties persist despite a remarkable degree of ongoing protein turnover. Put another way, our memories persist even though none of the molecules at our synapses are the same as those present a few hours or days ago. Understanding the mechanisms for stable information storage at the molecular level in the face of protein turnover at the synapse poses an enduring challenge for neuronal cell biology.
